
DISK DRIVE ACTUATOR ARM LATCH ASSEMBLY 

RELATED APPLICATIONS 

This patent application claims priority from U.S. Patent Application Serial No. 
5 60/269,622, that was filed on February 16, 2001 , and that is entitled "LATCH FOR ALL 
AXES SHOCK AND VIBRATION PROTECTION." The entire disclosure of U.S. Patent 
Application Serial No. 60/269,622 is incorporated by reference herein. 



FIELD OF THE INVENTION 

10 The present invention generally relates to disk drives and, more particularly, to 

u an actuator arm latch assembly that moves between non-latching and latching positions 

yf to attempt to restrain movement of an actuator arm assembly when the disk drive is 

-E 

U) exposed to a shock event, typically during a non-operational mode. 

ja 

01 

O 15 BACKGROUND OF THE INVENTION 

j|j Data is stored on disk drives utilizing a variety of designs. In one design, a 

^ transducer is mounted on a slider that flies or rides on an air bearing or a thin layer of 
air that is disposed adjacent to a rapidly rotating computer readable disk media 
(hereafter data storage disk) as the data is transferred between the transducer and the 
20 corresponding data storage disk. Collectively, the slider and transducer may be 
referred to as a head. In any case, the slider is mounted on a suspension or a load 
beam, that in turn is mounted on a rigid actuator arm or an actuator arm tip of what may 
be characterized as an actuator arm assembly that is movably interconnected with a 
disk drive base plate and/or cover. Multiple data storage disks may be utilized by a 
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given disk drive, in which case the actuator arm assembly would include multiple 
actuator arms/actuator arm tips for mounting multiple suspensions and heads. In any 
case, the actuator arm assembly moves the various transducers across the 
corresponding data storage disk in a desired manner and to a desired location on the 
5 data storage disk to read and/or write data. 

Two types of actuator arm assemblies that are commonly used to move the 
transducer(s) to the desired location on the corresponding data storage disk are a linear 
actuator arm assembly and a rotary actuator arm assembly. Linear actuator arm 
assemblies move at least generally linearly during transition of the transducer(s) across 
10 the corresponding data storage disk. Rotational actuator arm assemblies pivot about 
q an axis to transition the transducer(s) across the surface of the corresponding data 
jjl storage disk along an arcuate path. 

yj When the disk drive is not in operation, the actuator arm assembly may be 

m moved such that its transducer(s) is in a "parked position" that is typically removed or 

5 

D 15 displaced from the data storage area of the corresponding data storage disk. This 
FU reduces the potential for damage to the data storage disk(s) and/or transducer(s) in the 

hi 

O event that the disk drive is subject to a non-operational shock event or force. In a first 
type of disk drive, known in the art as a "dynamic load/unload" disk drive, the actuator 
arm assembly is pivoted to position its transducer(s) to a "parked position" that is 
20 located beyond a perimeter of the corresponding data storage disk. In a second type of 
disk drive, known in the art as a "contact start/stop" disk drive, the actuator arm 
assembly moves the actuator arm and its transducer(s) to a "parked position" that is 
located directly on a non-data zone of the corresponding data storage disk, typically 
near the center of the corresponding data storage disk. In either case, when the disk 
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drive is not operating and if/when the disk drive is exposed to a shock event or force, it 
is desirable in most cases to at least attempt to retain the actuator arm assembly in the 
"parked position" to reduce the potential for undesired contact between its transducer(s) 
and the data storage zone of the corresponding data storage disk. 
5 Various types of latches have been proposed to attempt to retain the actuator 

arm assembly in the parked position when the disk drive is exposed to shock event or 
force in a non-operational mode. However, no known latches of this general type 
effectively handle the desired latching function for a shock event that is totally or at least 
has a primary component within the "x-y" dimension (e.g., within or parallel to a 

10 reference plane that contains the disk drive base plate or within or parallel to a 
reference plane(s) in which the actuator arm assembly moves during normal disk drive 
read/write operations), as well as a shock event that is within or at least has a primary 
component the "z" dimension (e.g., the largest force component being normal to the 
disk drive base plate or to a reference plane in which the actuator arm assembly moves 

15 during read/write operations). 

SUMMARY OF THE INVENTION 

The present invention generally relates to a disk drive that includes an actuator 
arm latch assembly that is typically functional only when the disk drive is in a non- 
20 operational mode or after its head or heads have been "parked." The various actuator 
arm latch assemblies to be described herein may be appropriate for contact start/stop 
disk drive designs, as well as for dynamic load/unload disk drive designs. 

In relation to an apparatus in accordance with the present invention, each of the 
various aspects to be discussed in more detail below generally includes an appropriate 
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housing (e.g., a base plate and/or cover that collectively define an enclosed space or 
the like). At least one data storage disk is interconnected with this housing in a manner 
so as to allow each data storage disk to move (e.g., rotate) relative to the housing in a 
desired manner. That is, the present invention is applicable to disk drives having only a 
single data storage disk, as well as disk drives having a multiple data storage disk 
configuration and which are typically mounted on a common spindle motor or the like. 
An actuator arm assembly is also interconnected with the noted housing in a manner so 
as to allow the actuator arm assembly to move relative to the housing in a desired 
manner. At least one transducer is appropriately interconnected with the actuator arm 
assembly (e.g., via a suspension or load beam that extends from an rigid actuator arm 
or actuator arm tip or E block, and a slider that is mounted on the free end of this 
suspension or load beam and which includes the noted transducer). Typically, there will 
be a transducer for each data storage surface of each data storage disk utilized by the 
disk drive, although such is not required by the broadest aspects of the present 
invention. In any case, an actuator arm drive assembly appropriately interfaces with the 
actuator arm assembly in a manner so as to be able to move the actuator arm assembly 
and each transducer that is interconnected therewith to a desired position (e.g., in 
relation to a given transducer's corresponding data storage disk for exchange of a 
signal therebetween, such as for purposes of a read and/or write operation). 

A first aspect of the present invention is a disk drive in accordance with the 
above-noted general disk drive configuration. In the first aspect of the present 
invention, the actuator arm assembly is interconnected with the disk drive's housing by 
an actuator arm pivot. This is commonly referred to as a rotary type actuator arm 
assembly. That is, the actuator arm assembly in the case of the first aspect rotates or 
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pivots relative to the housing to move any transducer interconnected therewith "across" 
the corresponding data storage disk to a desired position. The actuator arm latch 
assembly includes a latch pivot and a first latch member that is mounted on this latch 
pivot. The latch pivot is oriented in non-parallel relation to the actuator arm pivot. That 
is, a central reference axis along which the actuator arm pivot extends and a central 
reference axis along which the latch pivot extends are not parallel to each other in the 
case of the first aspect. Mounting the first latch member on a latch pivot of this 
orientation allows the same to move into engagement with the actuator arm assembly to 
restrain movement of the actuator arm assembly in response to a shock event or force 
having at least a primary component that is within or parallel to the "x-y" dimension 
(meaning at least generally parallel with the base plate or to the motion of the actuator 
arm assembly as it moves the transducer(s) across the corresponding data storage 
disk), as well as to a shock event or force having at least a primary component that is 
within the "z" dimension (meaning perpendicular to the noted "x-y" dimension). 

Various refinements exist of the features noted in relation to the subject first 
aspect of the present invention. Further features may also be incorporated in the 
subject first aspect of the present invention as well. These refinements and additional 
features may exist individually or in any combination. The above-noted position of the 
latch pivot relative to the actuator arm pivot may be used to allow a latch on the first 
latch member to pivot in what may be characterized as an at least generally "upward" 
direction to engage the actuator arm assembly to provide the desired latching function. 
Consider the case where the housing includes a base plate and a cover that is 
interconnected with the base plate to define an enclosed space of sorts for the disk 
drive components. The latch pivot may be oriented such that the latch on the first latch 




member moves at least generally away from the base plate and into the path of the 
actuator arm assembly to provide the desired latching function. In this characterization, 
the latch also would be disposed further from the base plate when the first latch 
member was in a latching position than when the first latch member was in a non- 
5 latching position. The motion of the first latch member that results from the relative 
positions of the actuator arm pivot and the latch arm pivot also may be characterized as 
being non-parallel with the motion of the actuator arm assembly as it moves its 
transducer(s) across its corresponding data storage disk. In one embodiment, the 
actuator arm pivot and latch arm pivot are disposed within reference planes that are at 
10 least generally perpendicular to each other, such that the reference plane in which the 
q actuator arm assembly moves is also at least generally perpendicular to the reference 
m plane in which the first latch member moves to provide the desired latching function. 
Ly The first latch member of the subject first aspect may include a first cup and a 

m first inertial mass that is at least partially disposed within this first cup. In one 

£ 

□ 1 5 embodiment, the first cup engages an upper portion of the first inertial mass, such that 

Ms 

OJ the first cup may be characterized as projecting toward a base plate of the disk drive or 

□ in a downward direction. Movement of the first inertial mass relative to its 
corresponding cup may be used to pivot the first latch member in the above-described 
manner to provide the desired latching function for the actuator arm assembly. Various 

20 details may be incorporated into the design of the first cup to address the operation of 
or to "tune" the actuator arm latch assembly. For instance, the height or vertical extent 
of the first cup may be defined by a plurality of annular rings or facets of sorts that are 
disposed at different slopes or angles. As such, a given relative movement of the first 
inertial mass relative to the first cup within the noted "x-y" dimension may produce 
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different amounts of movement of the first cup in the noted "z" dimension to provide the 
desired latching function depending upon which of the annular rings or facets the first 
inertial mass is principally acting upon to pivot the first latch member to provide the 
desired latching function. 
5 In one embodiment of the subject first aspect, the actuator arm assembly latch 

further includes a second latch member that is stationary or that does not move relative 
to the first match member. This may be done by fastening the second latch member to 
the housing (e.g., to a disk drive base plate) so as to fix the position of the second latch 
member relative to the housing. The latch pivot may be integrally formed with this 
10 second latch member, for instance to reduce manufacturing costs. In addition, the first 
p and second latch members may both be formed from plastic or the like for 

.£2=. 

o 

m noise/interference reduction purposes. In any case, the first and second latch members 

fy may each include a pair of cups, with one cup being disposed on each side of the latch 

m pivot. That is and for this case, the first latch member may have a first cup and a latch 

Hi 

□ 15 for engaging the actuator arm assembly disposed on one side of the latch pivot, and a 

fU second cup disposed on the opposite side of the latch pivot. The second latch member 

HI 

0 similarly may have a third cup disposed on one side of the latch pivot and a fourth cup 
disposed on the opposite side of the latch pivot. One inertial mass is retained between 
the first cup of the first latch member and the third cup of the second latch member, 
20 while another inertial mass is retained between the second cup of the first latch member 
and the fourth cup of the second latch member. In the case where the movement of the 
latch of the first latch member is characterized as being at least generally upward to 
provide the desired latching function, the first cup of the movable first latch member 
engages an upper portion of a first inertial mass, while the third cup of the fixed second 
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latch member engages a lower portion of this first inertial mass. Similarly, the second 
cup of the movable first latch member engages a lower portion of a second inertial 
mass, while the fourth cup of the fixed second latch member engages an upper portion 
of the second inertial mass. In the event that the shock event is within the noted "x-y" 
5 dimension (e.g., rotational, linear), both the first and second inertial masses will act on 
the first latch member to pivot the same about the latch pivot in a manner so as to move 
the latch into engagement with the actuator arm assembly. However, if the shock event 
is totally within the noted "z" dimension , only the second inertial mass will act on the first 
latch member to pivot the same about the latch pivot in a manner so as to move the 
10 latch into engagement with the actuator arm assembly. That is, in this second instance 

h the first inertial mass will not contribute to activating the first latch member. 

m The above-noted third cup also may be shaped to increase the potential for the 

Ld latch on the first latch member engaging the actuator arm assembly (e.g., for 

M 

On maintaining a desired alignment of the first latch member). One way of characterizing 

□ 15 the third cup in this instance is that it may have somewhat of a trough-like shape, with 

nJ the elongation being at least generally parallel with that portion of the first latch member 

hJ 

□ that has the latch. Another characterization of the third cup in this instance in that the 

ry 

cavity defined by the first cup has a length dimension that is larger than a diameter of 
the first inertial mass, and a width dimension that is smaller than the length dimension. 
20 The third cup may also be characterized as having a planar base and an annular 
sidewall. 

A second aspect of the present invention is a disk drive in accordance with the 
above-noted general disk drive configuration. In the case of the second aspect, the 
actuator arm assembly may be of a linear or a rotary type. In any case, the actuator 
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arm latch assembly in the case of the second aspect includes a latch pivot and a first 
latch member that is mounted on the latch pivot. The first latch member in turn includes 
a latch for engagement with the actuator arm assembly to provide the desired latching 
function. In this regard, the first latch member moves about the latch pivot at least 
generally between non-latching and latching positions. When the first latch member 
moves about the latch pivot to its latching position, this latch is disposed further from a 
base plate of the disk drive housing than when the first latch member is disposed in its 
non-latching position. Although not required by the subject second aspect, each of the 
various features discussed above in relation to the first aspect may be utilized by this 
second aspect of the present invention as well and in any appropriate combination. 

A third aspect of the present invention is a disk drive in accordance with the 
above-noted general disk drive configuration. In the case of the third aspect, the 
actuator arm assembly may be of a linear or a rotary type. In any case, the actuator 
arm latch assembly in the case of the third aspect includes a latch pivot and a first latch 
member that is mounted on the latch pivot. The first latch member in turn includes a 
latch for engagement with the actuator arm assembly to provide the desired latching 
function. The first latch member also includes at least one cup. An inertial mass is at 
least partially disposed within this cup and exerts a force on the cup to move the first 
latch member about the latch pivot to in turn move the latch into position to provide the 
desired latching function. Although not required by the subject third aspect, each of the 
various features discussed above in relation to the first aspect may be utilized by this 
third aspect of the present invention as well and in any appropriate combination. 

A fourth aspect of the present invention is a disk drive in accordance with the 
above-noted general disk drive configuration. In the case of the fourth aspect, the 
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actuator arm assembly may be of a linear or a rotary type. In any case, the actuator 
arm latch assembly in the case of the fourth aspect is of a configuration so as to provide 
a latching function both when the shock event is directed principally within or parallel to 
the noted "x-y" dimension, and when the shock event is directed principally within the 
noted "z" dimension. Although not required by the subject fourth aspect, each of the 
various features discussed above in relation to the first aspect may be utilized by this 
fourth aspect of the present invention as well and in any appropriate combination. 

A fifth aspect of the present invention is a method for reducing the potential for 
undesired contact between a head and a data storage disk of a disk drive. The method 
includes the step of parking the head in a desired position relative to its corresponding 
data storage disk. A latching function of sorts is provided by the fifth aspect when the 
disk drive is in this non-operational mode. In this regard, the method of the fifth aspect 
includes exposing the disk drive to a first force after the head has been parked. At least 
a primary component of this first force is contained within a first reference plane. 
Undesired movement of the head (e.g., in a direction that is "across" the corresponding 
data storage disk) is restrained when the disk drive is exposed to this first force. The 
method of the fifth aspect also includes exposing the disk drive to a second force after 
the head has been parked, but at a different time than the noted first force. At least a 
primary component of this second force is totally contained within a second reference 
plane that is disposed at an angle to the above-noted first reference plane. Undesired 
movement of the head is also restrained when the disk drive is exposed to this second 
force. 

Various refinements exist of the features noted in relation to the subject fifth 
aspect of the present invention. Further features may also be incorporated in the 
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subject fifth aspect of the present invention as well. These refinements and additional 
features may exist individually or in any combination. Initially, the head may be parked 
so as to be disposed beyond a perimeter of the corresponding data storage disk. This 
is commonly referred to in the art as a disk drive of a dynamic load/unload type. The 
head may also be parked directly on its corresponding data storage disk. This is 
commonly referred to in the art as a disk drive of a contact start/stop type. 

The restraint of the movement of the head relative to its corresponding data 
storage disk in accordance with the subject fifth aspect may be provided by an 
appropriate movement of a latch. This movement is subject to a number of 
characterizations. In one embodiment, this latch moves at least generally away from a 
base plate of the disk drive. In another embodiment, this latch moves at least generally 
within a plane that is disposed at an angle (e.g., perpendicular) relative to a data 
storage surface(s) of any data storage disk of the disk drive. In another embodiment, 
this latch pivots about an axis that is disposed in non-parallel relation to a rotational axis 
of a data storage disk(s) of the disk drive. In yet another embodiment, this latch moves 
within a reference plane that is in non-parallel relation (e.g., perpendicular) to a plane in 
which the head moves across its corresponding data storage disk during normal disk 
drive operations (e.g., during read and/or write operations). 

In one embodiment of the fifth aspect, the first reference plane is parallel with a 
base plate of the disk drive or is "horizontally" disposed for normal disk drive operations, 
while the second reference plane is "vertically" disposed such that the second reference 
plane is perpendicular to the first reference plane. Both linear and/or rotational forces 
within the first and/or second reference planes may be exerted on the disk drive and 
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initiate a "latching" function to attempt to restrain movement of the head within the plane 
in which the head moves during normal disk drive operations. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is a top view of one embodiment of a disk drive with one 
embodiment of a multi-axes shock actuator arm latch assembly; 

Figure 2 is an exploded, perspective view of the actuator arm latch assembly 
of Figure 1; 

Figure 3 is an assembled, perspective view of the actuator arm latch 
assembly of Figure 1; 

Figure 4 is a flowchart illustrating one embodiment of a latching operation for 
the actuator arm latch assembly of Figure 1 ; 

Figure 5 is an enlarged, perspective view of the actuator arm latch assembly 
and the actuator arm assembly of Figure 1 , with the actuator arm latch assembly 
being in its non-latching position; 

Figure 6A is an enlarged, perspective view of the actuator arm latch assembly 
and the actuator arm assembly of Figure 1 , with the actuator arm latch assembly 
being in its latching position; 

Figure 6B is an alternative embodiment for a latch stop that may be utilized by 
the actuator arm latch assembly of Figure 1 to bias the actuator arm latch assembly 
to its open or "latching" position; 

Figure 7 is a flowchart illustrating another embodiment of a latching operation 
for the actuator arm latch assembly of Figure 1; 
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Figure 8 is a perspective view a pivotal latch member of the actuator arm 
assembly of Figure 1; 

Figure 9 is another perspective view of the pivotal latch member of the 
actuator arm assembly of Figure 1 ; 

Figure 10 is a top plan view a fixed latch member of the actuator arm latch 
assembly of Figure 1; 

Figure 1 1 is a bottom plan view of the fixed latch member of the actuator arm 
latch assembly of Figure 1, with a biasing member being shown in dashed lines for 
viewing of a latch pivot on which the pivotal latch is mounted; 

Figure 12 is a perspective view of another embodiment of a multi-axes shock 
actuator arm latch assembly that may be used in the disk drive of Figurel; 

Figure 13 is a cross-sectional view of a cup of a pivotal latch member of the 
actuator arm latch assembly of Figure 12; and 

Figure 14 is a perspective view of the pivotal latch member of the actuator 
arm latch assembly of Figurel 2. 

DETAILED DESCRIPTION 

Reference will now be made to the accompanying drawings which at least assist in 
illustrating the various pertinent features of the present invention. Figure 1 illustrates 
one embodiment of a disk drive 100 that includes a multi-axes shock actuator arm latch 
assembly 101. The disk drive 100 generally includes a base or base plate 102. A 
cover (not shown) is detachably interconnected with the base plate 102 to collectively 
define an at least substantially enclosed space for the various components of the drive 
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100. Both the base plate 102 and the cover may be considered as being part of a 
housing for the disk drive 100. 

At least one data storage disk 103 of an appropriate computer-readable storage 
media is rotatably interconnected with the base plate 102 and/or cover via a spindle 
motor 104 or the like. Multiple data storage disks 103 would be in vertically spaced 
relation on the spindle motor 104 and simultaneously rotated by the spindle motor 104. 
An actuator arm assembly 111 is pivotably interconnected with the base plate 102 
and/or cover via an actuator arm pivot 1 05. The actuator arm assembly 1 1 1 includes at 
least one rigid actuator arm 112. Multiple actuator arms 112 would be disposed in 
vertically spaced relation, with one actuator arm 1 12 typically being provided for each 
data storage surface of each data storage disk 1 03 of the disk drive 1 00. Movement of 
the actuator arm assembly 1 1 1 is provided by a voice coil motor 107 or the like, and 
which may then be considered as an actuator arm drive assembly. The voice coil motor 
107 is a magnetic assembly that controls the operation of the actuator arm assembly 
1 1 1 under the direction of control circuitry 1 1 3. 

A load beam or suspension 109 is attached to each actuator arm 1 12 and is typically 
biased toward its corresponding data storage disk 103. Mounted on the free end of the 
suspension 1 09 is a head 1 1 0. The head 1 1 0 is part of a slider or slider body which 
includes at least one appropriate transducer. Signals are exchanged between the head 

110 and its corresponding data storage disk 103 for disk drive read and/or write 
operations. In this regard, the voice coil motor 107 pivots the actuator arm assembly 

1 1 1 to move each head 110 along an at least generally arcuate path 108 "across" the 
corresponding data storage disk 103 to position the head 110 at the desired/required 
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radial position on the disk 1 03 (i.e., at the correct track on the data storage disk 1 03) for 
disk drive read/write operations. 

When the disk drive 100 is not in operation, the actuator arm assembly 111 is 
pivoted to a "parked position" to dispose each head 110 beyond a perimeter of its 
corresponding data storage disk 103. This is commonly referred to in the art as being a 
dynamic load/unload disk drive configuration. In this regard, the disk drive 1 00 includes 
a ramp assembly 106 that is disposed beyond a perimeter of the data storage disk 103 
to typically both move the corresponding head 110 vertically away from its 
corresponding data storage disk 1 03 and to also exert somewhat of a retaining force on 
the actuator arm assembly 111. Any configuration for the ramp assembly 106 that 
provides the desired "parking" function may be utilized. 

The disk drive 100 again includes the multi-axes shock actuator arm latch assembly 
101 that is mounted to the base plate 102 at least generally adjacent to the voice coil 
motor 1 07. When the actuator arm assembly 1 1 1 is rotated to its "parked position," the 
actuator arm latch assembly 101 is available to at least attempt to prevent non- 
operational shock forces that are exerted on the disk drive 100 from moving the 
actuator arm assembly 1 1 1 away from the ramp assembly 106 and across the data 
storage disk(s) 103. As will become apparent from the following description, the 
actuator arm latch assembly 1 1 1 pivots between non-latched and latched positions 
about an axis that is perpendicular to the axis about which the actuator arm assembly 
111 pivots. Advantageously, this permits the actuator arm latch assembly 101 to 
protect the disk drive 100 from linear, rotational and combinations of linear and 
rotational forces that may be exerted on the disk drive 100, at least generally regardless 
of the direction or axes of the shock event. When the actuator arm latch assembly 101 
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pivots to the latched position responsive to a non-operational force, engagement of the 
actuator arm latch assembly 101 with a distal end 114 of the actuator arm assembly 
1 1 1 will prevent further movement of the actuator arm assembly 1 1 away from the 
"parked position" on the ramp assembly 106. During the absence of a non-operational 
5 force on the disk drive 100, the actuator arm latch assembly 101 remains in the non- 
latched position where the actuator arm assembly 1 1 1 is thereby free to pivot under the 
control of the voice coil motor 107. 

Those skilled in the art will appreciate that although the multi-axes shock actuator 
arm latch assembly 1 01 is being described herein in conjunction with the disk drive 1 00, 
10 such may be incorporated into any appropriate disk drive configuration. For instance, 

Li 

p the multi-axes shock actuator arm latch assembly 101 could be used with a disk drive 

□ 

Ijj having a linear actuator arm drive assembly versus the rotational drive assembly 
yg described in relation to the disk drive 1 00. Moreover, the multi-axes shock actuator arm 
jri latch assembly could be used in contact start/stop disk drive configurations. These are 

a 

p 15 but a few examples of applications for the multi-axes shock actuator arm latch assembly 
nj described herein. 



Figures 2-3 illustrate the actuator arm latch assembly 101 in more detail. The 
actuator arm latch assembly 101 includes a fixed latch member 201 and a pivotal latch 
member 200, a pair of inertial masses, 206 and 207, and a bias member 204. The 
20 pivotal latch member 200 pivotably interconnects with the fixed latch member 201 at a 
latch pivot 202 on the fixed latch member 201. The fixed latch member 201, on the 
other hand, mounts to the base plate 102 of the disk drive 100 at least generally 
adjacent the voice coil motor 1 07. The latch member 201 is fixed to the base plate 1 02 
and does not move relative to the base plate 102. It will be appreciated that the 
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components of the actuator arm latch assembly 101 , including the inertial masses, 206 
and 207, are preferably non-magnetic in nature due to their close proximity to the 
magnetic components of the voice coil motor 107. In one embodiment, the latch 
members, 200 and 201, are formed from a plastic material such as Teflon®-filled 
polycarbonate, which also reduces noise/interference, reduces wear, and allows for an 
integral construction for each of the latch members 200 and 201, while the inertial 
masses, 206 and 207, may be formed from materials such as UNS_S31600 orzirconia. 
Notwithstanding this recitation of materials, the materials from which the actuator arm 
latch assembly 101 are formed is not critical to the actual latching operation. 

The fixed latch member 201 is an elongated structure that includes the latch pivot 
202 on which the pivotal latch member 200 is pivotally mounted. Generally, the latch 
pivot 202 is disposed in non-parallel relation to the rotational axis of the data storage 
disk 103 (i.e., the spindle motor 104), the pivot axis of the actuator arm assembly 1 1 1 
(i.e., the actuator arm pivot 105; the axis 504 discussed below in relation to Figures 5- 
6A), and the general plane in which the base plate 102 is disposed. In the illustrated 
embodiment, the latch pivot 202 is disposed at least generally perpendicular to the 
rotational axis of the data storage disk 1 03, the pivot axis of the actuator arm assembly 
111, and the general plane in which the base plate 102 is disposed. More accurately, 
the axis along which the latch pivot 202 extends is disposed within a reference plane 
that is non-parallel to both a reference plane that contains the rotational axis of the data 
storage disk 103, a reference plane that contains the pivot axis of the actuator arm 
assembly 111, and the general plane in which the base plate 102 is disposed. 

The fixed latch member 201 also includes a pair of cups 21 0, 21 1 that are open in at 
least generally opposing directions relative to one another. Specifically, the cup 210 is 
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disposed at least generally at one end of the fixed latch member 201 and is open in a 
first direction for the partial receipt of the inertia! mass 207. The cup 211 is at least 
generally disposed at the opposite end of the fixed latch member 201 and is open in a 
one hundred and eighty degree orientation relative to the cup 210 for the partial receipt 
of the inertial mass 206. Regarding the position of the cups 21 0, 21 1 on the fixed latch 
member 201 , what is required is that the cups 21 0, 21 1 be disposed on opposite sides 
of the latch pivot 202 on which the pivot latch member 200 is mounted. In any case, the 
cup 21 1 thereby projects or opens toward or in the direction of the base plate 102, while 
the cup 210 projects or opens at least generally away from the base plate 102 (and 
thereby in the direction of or toward the cover (not shown)). 

The fixed latch member 201 also includes a bias member 204. The bias member 
204 is disposed on a top portion of the fixed latch member 201 and extends at least 
generally horizontally for engagement with the pivotal latch member 200 to bias the 
same toward its non-latching position in a manner that will be discussed in more detail 
below. In one embodiment, the bias member 204 is a spring-like metal piece that is 
insert molded into the body of the fixed latch member 201 . Other types/structures for 
generating the desired biasing forces and other ways of incorporating the same in the 
fixed latch member 201 may be utilized. 

The fixed latch member 201 also includes a guidepost 214 that mates with the 
underside of an aperture 216 in the pivotal latch member 200 when the pivotal latch 
member 200 is mounted on the latch pivot 202. The guide post 214 remains within the 
aperture 216 when the pivotal latch member 200 pivots about the latch pivot 202 
between the non-latched and latched positions. Functionally, the guide post 214 
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operates to at least generally guide the pivotal latch member 200 in the vertical 
direction. 

A mounting post 205 is also formed at least generally in a mid portion of the fixed 
latch member 200. The mounting post 205 provides for mounting the fixed latch 
member 200 to the base plate 102 of the disk drive 100. In one embodiment, the 
mounting post 205 is fastened to the base plate 102 using a fastener and operates in 
conjunction with a support feature 215 that is also part of the fixed latch member 201 . 
The support feature 21 5 mates with a corresponding feature formed in the base plate 
102 to prevent rotation of the fixed latch member 201 within the noted "x-y" dimension. 
Any appropriate way of fixing the latch member 201 to the base plate 102 may be 
utilized. 

It should be appreciated that the above-described structure for the fixed latch 
member 201 may be readily formed as an integral structure, for instance by injection 
molding techniques or the like. However, any construction may be used for the fixed 
latch member 201, including forming everything but the biasing member 204 from a 
common material as noted above. 

The pivotal latch member 200 is also an elongated structure that includes a latch 
pivot aperture 213 to allow the pivotal latch member 200 to be mounted on the latch 
pivot 202 of the fixed latch member 201 . The pivotal latch member 200 also includes 
an elongated slot or aperture 216 which receives the guide post 1 14 on the fixed latch 
member 201 as noted. Generally, the guide post 1 14 of the fixed latch member 201 
remains within the elongated aperture 216 of the pivotal latch member 200 during the 
pivoting of the pivotal latch member 201 between its non-latching and latching positions 
to help maintain proper alignment of the pivotal latch member 200. 
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The pivotal latch member 200 also includes a pair of cups 208 and 209 that are 
disposed on opposite sides of the latch pivot aperture 213 and thereby on opposite 
sides of the latch pivot 202. The cups 208, 209 are open in at least generally in 
opposing directions relative to one another. Specifically, the cup 208 is disposed at 
least generally at one end of the pivotal latch member 200 and is open in a direction 
that mates with the cup 21 0 of the fixed latch member 201 to form a housing for receipt 
of the inertial mass 207 when the pivotal latch member 200 is mounted on the fixed 
latch member 201 . The cup 209 is disposed at least generally at the other end of the 
pivotal latch memb'er 200 and is open in a one hundred and eighty degree orientation 
relative to the cup 208, and mates with the cup 211 of the fixed latch member 201 to 
form another housing for receipt of the inertial mass 206 when the pivotal latch member 
200 is mounted on the fixed latch member 201. Further regarding the position of the 
cups 208, 209 on the pivotal latch member 200, what is required is that the cups 208, 
209 be disposed on opposite sides of the latch pivot 202 on which the pivot latch 
member 200 is mounted and in at least general vertical alignment with the cups 210, 
211, respectively associated with the fixed latch member 201. As such, the cup 208 
thereby projects or opens toward or in the direction of the base plate 1 02, while the cup 
209 projects or opens at least generally away from the base plate 102 (and thereby in 
the direction of or toward the cover (not shown)). 

The pivotal latch member 200 also includes a latch stop or latch 212 that is formed 
distal to the cup 209, or on the side of the pivotal latch member 200 that includes the 
cup 208. The latch 212 is pivotable between the non-latched position and the latched 
position by the latch member 200 responsive to a non-operational force being exerted 
on the disk drive 100. When the latch 212 is pivoted to the latched position, the latch 
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21 2 engages the distal end 1 1 4 of the actuator arm 1 1 2 to substantially prevent further 
pivoting of the actuator arm assembly 111. That is, the latch 212 is disposed within the 
path through which the actuator arm assembly 1 1 1 travels during normal disk drive 
read/write operations while the actuator arm latch assembly 101 is activated or in its 
latching position. When the latch 212 is in the non-latched position, the latch 212 
remains "out-of-the-way" of the actuator arm assembly 1 1 1 to permit normal operation 
of the disk drive 100. That is, when the actuator arm latch assembly 101 is inactive or 
in its non-latching position, the latch 212 is not disposed in the path in which the 
actuator arm assembly 1 1 1 moves during normal operation of the disk drive 100. The 
latch stop 212 may be of any appropriate configuration and in any appropriate 
orientation to provide the desired latching function. In the embodiment of Figures 2-3, 
the latch stop 212 is a planar surface that is disposed within/parallel with the z 
dimension or disposed so as to be perpendicular to the x-y plane. However, it may be 
desirable to orient/configure the engaging surface of the latch stop 212, the surface of 
the actuator arm assembly 1 1 1 that is engaged by the latch stop 212, or both, so that 
any engagement of the latch stop 212 with the actuator arm assembly 1 1 1 will tend to 
open or activate the actuator arm latch assembly 101 (i.e., to move/bias the same to its 
latching position). In one embodiment and as will be discussed in more detail below, 
the latch stop 212 may be a planar surface that is disposed at an angle other than 90 
degrees relative to the x-y plane to provide this function. 

The pivotal latch member 200 also includes a fulcrum 203. The bias member 204 of 
the fixed latch member 201 extends at least generally horizontally so that the bias 
member 204 engages the fulcrum 203 on the pivotal latch member 200. When the 
pivotal latch member 200 is mounted on the latch pivot 202, the fulcrum 203 provides a 
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point of contact for the bias member 204. Generally, the bias member 204 biases the 
pivotal latch member 200 toward its non-latching position. Although the bias member 
204 is shown as being in constant contact with the fulcrum 203, even in the non-latched 
position, such need not be the case. Moreover, any appropriate way for biasing the 
pivotal latch member 200 toward its non-latching position, or stated another way for 
moving the pivotal latch member 200 out of the latching position, may be utilized. 

Figure 3 illustrates an assembled view of the actuator arm latch assembly 101 and 
in the non-latched position. Operationally, the pivotal latch member 200 is designed to 
pivot about the latch pivot 202 in response to non-operational forces being exerted on 
the disk drive 100 from at least most angles, direction, or axes of rotation. Forces that 
will tend to open or activate the actuator arm latch assembly 1 01 may be exerted on the 
base 300, the sidewall 305 (Figures 8-9), or both of one or more of the cups 208, 209 
that are associated with the pivotal latch member 200, including without limitation forces 
that are due to a tangential acceleration, a radial acceleration, or both of one or more of 
the inertial masses 206, 207. For example, the pivotal latch member 200 will pivot 
about the latch pivot 202 responsive to linear forces that are within or at least have a 
primary component in the noted "X-Y" dimension or plane (i.e., that which contains the 
X axis and Y axis that are depicted in Figure 5), or that are within or at least have a 
primary component in the noted "Z" dimension (i.e., any reference plane that contain the 
Z axis illustrated in Figure 5). The pivotal latch member 200 will also operate to pivot 
about the latch pivot 202 responsive to rotational forces received about most vertical 
axes of rotation, a horizontal axis of rotation or combination of vertical and horizontal 
axis of rotation. About the only shock axis where the operation of the latch assembly 
101 may be adversely impacted to an undesired degree is a rotational force that is 
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about the latch pivot 202. In any case, when the latch member 200 pivots about the 
latch pivot 202, the latch 212 is moved vertically upward relative to the base plate 102 
of the disk drive 100 to engage the distal end 1 14 of the actuator arm assembly 111, 
and thereby prevent further pivoting of the actuator arm assembly 111 in a direction 
tending to advance the head 110 across its corresponding data storage disk 103. 
During this pivotal movement, the guide post 1 14 on the fixed latch member 201 again 
remains in the aperture 216 on the pivotal latch member 200 to help maintain vertical 
alignment of the pivotal latch member 200 relative to the fixed latch member 201 so that 
direct contact is made between the latch 212 and the distal end 1 14 of the actuator arm 
assembly 111. 

The latch operation occurs in response to acceleration of the inertial mass 206 
within the mating cups 208 and 210 and/or acceleration of the inertial mass 207 in the 
mating cups 209 and 211. As the inertial mass 207 and/or the inertial mass 206 is 
excited, they translate in various directions within their respective cups to create a 
moment on the pivotal latch member 200 about the latch pivot 202. If the moment 
generated on the latch member 200 is greater than an opposing moment generated by 
the bias member 204 and fulcrum 203, the pivotal latch member 200 pivots about the 
latch pivot 202 at least toward the desired latching position. If the moment generated 
on the latch member 200 by the inertial masses 206 and/or 207 is less than the 
opposing moment generated by the bias member 204 and fulcrum 203, the pivotal latch 
member 200 remains in a non-latching position in relation to the actuator arm assembly 
111. As will become apparent from the following description, the actuator arm latch 
assembly 1 01 is tunable to control the amount of non-operational force on the disk drive 
100 that is required to actuate the actuator arm latch assembly 1 01 . Advantageously, 
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this limits operation of the actuator arm latch assembly 101 to forces that are severe 
enough to have an adverse effect on the disk drive 100 by moving the actuator arm 
assembly 1 1 1 away from the "parked position" on the ramp assembly 106. 

Figure 4 is a flow chart illustrating an example of the operational steps of the 
actuator arm latch assembly 101 when a linear force is applied to the disk drive 100. 
The operational steps of Figure 4 are described in conjunction with the various views of 
the actuator arm latch assembly 101 shown in Figures 1-3 and 5-6A. Figure 5 
illustrates the non-latched position of the actuator arm latch assembly 101 relative to the 
distal end 114 of the actuator arm assembly 111, whereas Figure 6A illustrates the 
latched position of the actuator arm latch assembly 101 relative to the distal end 1 14 of 
the actuator assembly 111. As illustrated by Figure 5, when the actuator arm latch 
assembly 101 is in the non-latched position, the actuator arm assembly 1 1 1 is free to 
pivot about its pivot axis 504 (that corresponds with the pivot 105) to transition the head 

110 "across" its corresponding data storage disk 103 for disk drive read/write 
operations. Figure 6A, on the other hand, illustrates the latched position of the actuator 
arm latch assembly 101 relative to the distal end 114 of the actuator arm assembly 111. 
In the latched position of Figure 6A, the distal end 1 14 of the actuator arm assembly 

111 is engaged by the latch 212 to prevent further movement of the actuator arm 
assembly 111 about the axis 504 in a direction which would transition the head 110 
across its corresponding data storage disk 103. 

As noted above, in one embodiment the latch stop 212 and/or the distal end 1 14 of 
the actuator arm assembly 1 1 1 may be oriented/configured to bias the latch assembly 
1 01 toward its open or latching position upon engagement of the latch stop 21 2 with the 
actuator arm assembly 111. Figure 6B illustrates one way in which this may be done. 
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Here, the pivotal latch member 200' includes a latch stop 212' that is disposed at an 
angle other than 90 degrees relative to the x-y plane, such that engagement of the latch 
step 21 2 f with the distal end 1 14 of the actuator arm assembly 1 1 1 biases the pivotal 
latch member 200 in the direction of the arrow presented in Figure 6B (toward the 
open/latching position). 

On Figure 4 the operation begins at step 400. At step 400, the actuator arm 
assembly 1 1 1 is in the "parked position" on the ramp assembly 1 06. When the actuator 
arm assembly 1 1 1 is in the "parked position," the actuator arm latch assembly 1 01 is in 
the position of Figure 5 relative to the distal end 1 14 of the actuator arm assembly 1 1 1 
absent a non-operational force on the disk drive 100. In this position, the bias member 
204 creates a continuous moment about the latch pivot 202 in the direction 501 that 
retains the pivotal latch member 200 in the non-latched position as illustrated in Figure 
5. In the non-latched position, the latch 21 2 is disposed below the distal end 1 1 4 of the 
actuator arm assembly 111 in an "out-of-the-way" position so that the actuator arm 
assembly 1 1 1 is free to pivot about the axis 504 to deliver the head 110 along the path 
108 (Figure 1). 

At step 401 in Figure 4, a linear shock force is exerted on the disk drive 100. If the 
linear shock force is received within or at least has a primary component in a reference 
plane defined by the X-axis and Y-axis, or within the noted "x-y" dimension (Figure 5), 
this force causes the inertial masses, 206 and 207, to move within their respective cups. 
Specifically, the inertial mass 207 moves within the cups 208 and 210, and the inertial 
mass 206 moves within the cups, 209 and 211. As the inertial mass 207 accelerates 
within the cup 21 0 of the fixed latch member 201 , which is fixed to the base plate 1 02, 
the inertial mass 207 moves up a sidewall of the cup 210 of the fixed latch member 201 



25 



and exerts an upwardly directed force on the cup 208 of the pivotal latch member 200. 
This creates a moment in the direction 602 about the axis 502 and latch pivot 202, as 
illustrated in Figure 6A. Substantially simultaneously, the inertial mass 206 moves 
down a sidewall of the cup 21 1 of the fixed latch member 201 and exerts a downwardly 
directed force on the cup 209 of the pivotal latch member 200, increasing the moment 
in the direction 602 about the axis 502. As the moment created by the inertial masses 
206 and 207 in the direction 602 (Figure 6A) becomes greater than the opposing 
moment in the direction 501 created by the bias member 204 (Figure 5), the pivotal 
latch member 200 pivots about the axis 502 in the direction 602 to move the latch 212 
adjacent the distal end 1 14 of the actuator arm assembly 111. 

If, on the other hand, the linear force is received substantially within or at least has a 
primary component in a reference plane that contains the Z-axis or the noted "Z" 
dimension, only the inertial mass 206 contributes to the activation of the actuator arm 
latch assembly 101. That is, the inertial mass 207 cannot move in a downward 
direction because its lower portion is engaged by the upwardly projecting cup 210 of the 
fixed latch member 201 , which cannot move relative to the base plate 102 of the disk 
drive 1 00. However, since the lower portion of the inertial mass 206 is engaged by the 
cup 209 of the pivotal latch member 200, the inertial mass 206 is able to accelerate in 
the direction 600 within the cup 209 (Figure 6A), creating the moment in the direction 
602 about the axis 502 and latch pivot 202. As the moment created by the inertial mass 
206 becomes greater than the opposing moment in the direction 501 created by the 
bias member 204 (Figure 5), the latch member 200 pivots about the axis 502 in the 
direction 602 to move the latch 212 adjacent the distal end 114 of the actuator arm 
assembly 111. 
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Regardless of the direction of a linear force exerted on the disk drive 100, the latch 
assembly 101 should be activated so that its latch 212 moves toward the latching 
position to engage the distal end 1 1 4 of the actuator arm assembly 1 1 1 , as indicated by 
step 402 in Figure 4. This prevents the actuator arm assembly 1 1 1 from pivoting about 
the axis 504 in the direction 503 responsive to the force by an amount which would 
transition the head 1 10 across its corresponding data storage disk 103, or to otherwise 
retain the head 1 1 0 in the "parked position." 

At step 403 in Figure 4, the non-operational force on the disk drive 100 ends. 
Responsive to the end of the force, the inertial masses, 206 and 207, or the inertial 
mass 206, decelerates within their respective cups, thereby decreasing the moment in 
the direction 602 about the axis 502 (Figure 6A). At step 404, the moment created by 
the bias member 204 becomes greater than the moment created by the inertial 
mass(es) 206 and/or 207, and the latch member 200 pivots in the direction 501 (Figure 
5) back to the non-latched position as the cup 209 closes relative to the cup 21 1 and 
the cup 208 closes relative to the cup 210. It will be appreciated by those skilled in the 
art that the operation is substantially identical when a linear force is received on the disk 
drive 100 from other directions and that at least one and/or both inertial masses 206 
and 207 operate to pivot the pivotal latch member 200 to the latched position of Figure 
6A. At step 405 in Figure 4, the operation ends. 

Figure 7 is a flowchart illustrating an example of the operation of the actuator arm 
latch assembly 101 when a rotational force is exerted on the disk drive 100. In Figure 
7, the operation begins at step 700. At step 700, the actuator arm assembly 1 1 1 is in 
the "parked position" on the ramp assembly 106 and the actuator arm latch assembly 
101 is in the position of Figure 5 relative to the distal end 114 of the actuator arm 
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assembly 111. As with the above example, in this position the bias member 204 
creates a continuous moment in the direction 501 that retains the pivotal latch member 
200 in the non-latched position, absent a force on the disk drive 100 (Figure 5). 
At step 701 , a rotational force, such as force 1 1 7 depicted in Figure 1 , is exerted on 
5 the disk drive 1 00. The rotational force 1 1 7 causes the inertial mass 206 to accelerate 
in the direction 600 and the inertial mass 207 to accelerate in the direction 601 relative 
to the pivotal latch member 200, as illustrated in Figure 6A. There would also be a 
radial acceleration of the inertial masses 206, 207 in a direction that would tend to open 
or activate the latch assembly 1 01 . The tangential and radial acceleration of the inertial 
10 masses 206 and 207 creates the moment in the direction 602 about the axis 502 and 
q latch pivot 202 (Figure 6A) that is greater than the opposing moment in the direction 

jjj 501 created by the bias member 204 (Figure 5). The moment in the direction 602 

£ 

ijj pivots the latch member 200 about the axis 502 in the direction 602 to move the latch 

Sj 

m 212 adjacent the distal end 1 14 of the actuator arm assembly 111. At step 702, the 

D 15 latch 21 2 engages the distal end 1 14 of the actuator arm assembly 1 1 1 to prevent the 

Ty actuator arm assembly 1 1 1 from further pivoting about the axis 504 in the direction 503 

m 

O responsive to the rotational force 1 17 by an amount which would transition the head 
1 10 across its corresponding data storage disk 103, or to otherwise retain the actuator 
arm assembly 1 1 1 in its "parked" position, thereby retaining the head 1 1 0 in the "parked 
20 position" on the ramp assembly 1 06. 

At step 703 in Figure 7, the rotational force 117 on the disk drive 100 ends. 
Responsive to the end of the force 1 1 7, the inertial mass 206 decelerates within the cup 
209 and the inertial mass 207 decelerates within the cup 208, decreasing the moment 
in the direction 602 about the axis 502. At step 704, the moment created by the bias 
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member 204 becomes greater than the moment created by the inertia! masses 206 and 
207, and the latch member 200 pivots in the direction 501 back to the non-latched 
position (Figure 5). The cup 209 closes relative to the cup 21 1 and the cup 208 closes 
relative to the cup 210. It will be appreciated by those skilled in the art that the 
5 operation is substantially identical when rotational forces are received on the disk drive 
1 00 from directions other than the direction of the force 117. At step 705, the operation 
ends. 

The shape or geometry of one or more of the cups 208, 209, 21 0, and 21 1 may be 
adjusted to affect the latching characteristics of the actuator arm assembly 101 in a 
10 desired manner. With reference to Figs, 8-11, the cups, 208 and 209 of the pivotal 
latch member 200 and the cup 211 of the fixed latch member 201 may be at least 
generally frustumly-shaped (i.e., in the form of a truncated cone configuration) to 



ill facilitate movement of the inertial masses 206 and 207 in both the horizontal and 
gi vertical directions. In this case, the cups 208, 209, and 21 1 may be characterized as 
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15 having a base 300 that engages the upper or lower extreme of the corresponding 
inertial mass 206, 207, and of an appropriate configuration (e.g., flat, spherical), and an 
annular sidewall 305 of any appropriate configuration (e.g., conical, spherical). 
However, the base 300 and/or sidewall 305 of the cups 208, 209, and 21 1 may be of 
any appropriate shape for realizing the desired response for the actuator arm latch 

20 assembly 101. 

The cup 210 of the fixed latch member 210 is of a different configuration than the 
cups 208, 209, and 211 in the embodiment of Figures 2-3. The cup 210 includes a 
base 310 that engages the lower portion of the inertial mass 207 and an annular 
sidewall 315. All portions of any given annular portion of the sidewall 315 are not 
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disposed the same distance from a reference axis about which the sidewall 315 is 
disposed. That is, the cup 210 is in the form of an elongated slot or of a trough-like 
configuration as best illustrated in Figure 1 1 . The cup 210 is at least slightly elongated 
along an axis 1 100 that is perpendicular to the axis of rotation 502 of the pivotal latch 
member 200 and that is at least generally parallel with that portion of the pivotal latch 
member 200 that has the latch 21 2. The elongation of the cup 21 0 along the axis 1 1 00 
produces a rapid acceleration of the inertial mass 207 and assists in maintaining a 
precise vertical alignment of the pivotal latch member 200 with the distal end 1 14 of the 
actuator arm assembly 111. The elongation of the cup 21 0 along the axis 1 1 00 permits 
the inertial mass 206 to accelerate predominantly along the axis 1 100 within the cup 
210. In particular, the alignment maintained by the elongation along the axis 1100 
increases the potential that the latch 212 will engage the distal end 1 14 of the actuator 
arm assembly 1 1 1 when the pivotal latch member 200 is pivoted to the latched position. 

Still referring to Figures 8-1 1 , the response characteristics of the actuator arm latch 
assembly 101 are tunable to individual actuator arm designs to achieve desired 
responses of the pivotal latch member 200 relative to varying degrees of non- 
operational forces exerted on the disk drive 100. For instance, increasing and/or 
decreasing the effective slope of the sidewall 305/315 of the cups 208-21 1 may affect 
the acceleration of the inertial masses 206 and 207 within the cups 208-21 1 . If the 
effective slope of the sidewall 305/315 of the cups 208-211 is increased, the inertial 
masses 206 and 207 accelerate slower within the cups 208-21 1 , thereby increasing the 
amount of force required to activate the pivotal latch member 200. Similarly, decreasing 
the effective slope of the sidewall 305/315 of the cups 208-211 increases the 
acceleration of the inertial masses, 206 and 207, thereby decreasing the amount of 
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force required to actuate the pivotal latch member 200. Those skilled in the art will 
appreciate that various effective sidewall slopes could be incorporated into the design of 
the cups 208-21 1 to achieve specific response characteristics of the inertial masses, 
206 and 207. In one embodiment of the actuator latch assembly 101, the effective 
slope of the sidewall of the cups 208, 209, and 21 1 is in the range of about 40 to about 
60 and more specifically is about 50, while the effective slope of the sidewall of the cup 
210 is in the range of about 40 to about 60 and more specifically is about 50. 

Another component of the actuator latch assembly 101 that may be used to "tune" 
the response of the pivotal latch member 200 is the fulcrum 203. The fulcrum 203 
could be positioned at various locations on the pivotal latch member 200 to change the 
sensitivity of the pivotal latch member 200 relative to the amount of force exerted on the 
disk drive 100. For instance, moving the fulcrum 203 along the pivotal latch member 
200 toward the pivot 202 decreases the required force on the disk drive 100 to actuate 
the actuator arm latch assembly 101. Similarly, moving the fulcrum 203 away from the 
pivot 202 will increase the required force on the disk drive 100 to actuate the actuator 
arm latch assembly 101. Those skilled in the art will appreciate that the above- 
described tuning characteristics could also be combined with other characteristics of the 
actuator arm latch assembly 101 to achieve numerous responses characteristics. For 
example, changing the density of the inertial masses, 206 and 207, the rigidity of the 
bias member 204, the location of the cups 208-21 1 along the latch members 200 and 
201, or the length of the latch members 200 and 201, all could be used or combined 
with the above described techniques to tune the actuator latch assembly 101. 

Figures 12-14 illustrate another embodiment of a multi-axes shock actuator arm 
latch assembly 1 300 that may be used in place of the actuator arm latch assembly 101. 
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Corresponding components of these embodiments may use similar reference 
numerals. A single "prime" designation is used to identify that there is at least one 
difference in the corresponding structure. 

The actuator arm latch assembly 1300 is identical in operation and substantially 
5 similar in design to the actuator arm latch assembly 101, with the exception of the bias 
member 1303 and the cups 1301 and 1302 on the pivotal latch member 200'. In this 
embodiment, the bias member 1303 is an integrally formed spring in the fixed latch 
member 201 '. That is, the bias member 1 303 is formed from the same material and at 
the same time as the rest of the fixed latch member 201\ The bias member 1303 
10 extends horizontally out of the top portion and in parallel relation to the fixed latch 
□ member 201 1 and follows the curvature of the latch member 201 ' to directly engage the 
m pivotal latch member 200' in the aperture 1304. The bias member 1303 provides the 
W advantage of simplifying the construction of the actuator arm latch assembly 1 01 . The 
CP bias member 1 303 also provides the advantage of providing additional guidance in the 
15 vertical direction during rotation of the pivotal latch member 200\ as it always remains 
engaged within the aperture 1304. 

Also in this embodiment, the cups 1301 and 1302 of the pivotal latch member 200' 
each include a base 1308 that engages the upper or lower extreme of the 
corresponding inertial mass 206, 207, and an annular sidewalk Each sidewall of the 
20 cups 1301, 1302 is defined by a plurality of annular facets 1305-1307. Although three 
of such facets 1305-1307 are illustrated, any number of facets may be utilized. 
Generally, the further a given facet is from the base 1308 of the corresponding cup 
1301, 1302, the greater its slope. That is and for the case of the illustrated 
embodiment, the facet 1305 has have a slope (m) equal to X, while the facet 1306 has 
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a slope (m) equal to Y that is larger than X, and the facet 1 307 has a slope (m) equal to 
Z that is larger than Y. In one embodiment, the slope (m) of the facet 305 may be in the 
range of about 10 to about 20, the slope (m) of the facet 1306 may be in the range of 
about 20 to about 50, and the slope (m) of the facet 1307 may be in the range of about 
30 to about 60. 

The facets 1 305-1 307, including the slope changes, cause the corresponding inertial 
masses 206 and 207 to rapidly displace within the corresponding cup 1 301 , 1 302 when 
a force is exerted on the disk drive 100. The facets 1305-1307, including the slope 
changes, also permit construction of the cups 301 and 1302, with a small outer 
diameter to allow for packaging and the limited space within the disk drive 100. 

Typically, the cup 1301 would include identically formed and sloped facets. 
Alternatively, however, it will be appreciated that numerous other combinations of 
slopes could be used to achieve different response characteristics of the actuator arm 
latch assembly 1300. Furthermore, the cups 1301 and 1302 could include different 
combinations of facet slopes to increase or decrease the responses of the inertial 
masses 206 and 207 within the cups 1301 and 1302. In addition, more or less facets 
could be incorporated into the cups 1 301 and 1 302 as a matter of design choice to vary 
the response characteristics of the actuator arm latch assembly 1 300. Advantageously, 
the faceted cup design permits finite tuning of the actuator arm latch assembly 1 300 by 
changing the slope angles and number of faucets within the cups 1301 and 1302. 
Those skilled in the art will appreciate that the tuning characteristics described in 
connection with the actuator latch assembly 101 could also be combined with tuning 
using the facets 1 305-1 307 to achieve numerous other response characteristics of the 
actuator arm latch assembly 1300. For example, changing the density of the inertial 
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masses, 206 and 207, the rigidity of the bias member 1303, the location of the cups 
1 302 and 1 301 or the length of the latch members 200' and 20V, all could all be used to 
achieve various response characteristics. 

The various features that exist in the actuator arm assembly 101 may be 
5 incorporated into the actuator arm latch assembly 1300, and vice versa. For instance, 
the actuator arm latch assembly 101 could use the bias member 1303 versus the bias 
member 204, could use the cups 1301, 1 302 versus the cups 208, 209, could have the 
cup 210 configured the same as cup 21 1 , or any combination thereof. Moreover, the 
actuator arm latch assembly 1 300 could use the bias member 204 versus the bias 
10 member 1303, could use the cups 208, 209 versus the cups 1301 , 1302, could have 

S | 5, 

h both cups for the fixed latch member 20V configured as for the fixed latch member 201 

m of the actuator arm latch assembly 1 01 , or any combination thereof. 

bj The foregoing description of the present invention has been presented for 

Vi 

ffi purposes of illustration and description. Furthermore, the description is not intended to 

D 15 limit the invention to the form disclosed herein. Consequently, variations and 

W modifications commensurate with the above teachings, and skill and knowledge of the 

fy 

- relevant art, are within the scope of the present invention. The embodiments described 

rs s 

: ^3 

hereinabove are further intended to explain best modes known of practicing the 
invention and to enable others skilled in the art to utilize the invention in such, or other 
20 embodiments and with various modifications required by the particular application(s) or 
use(s) of the present invention. It is intended that the appended claims be construed to 
include alternative embodiments to the extent permitted by the prior art. 
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